Introduction
In 2005, human bocavirus type 1 (HboV1) was identified for the first time by Allander et al. (2005) . HBoV1 has since been discovered in patients suffering from respiratory infections and gastrointestinal diseases (Jartti et al., 2012; Kantola et al., 2011) .
HBoV1 infections are frequently accompanied by copathogens. The rate of HBoV1 coinfections has been found to be significantly higher than that of other viruses, and it was postulated that HBoV1 is only a passenger and not a pathogen in airway infections, although it causes productive infections with viral shedding, viraemia and putative persistence (Huang et al., 2012; Jartti et al., 2012; Kapoor et al., 2011) . In 2009, Dijkman et al. (2009) reported the first successful approach towards cultivating HBoV1 and it was classified as an autonomous parvovirus. Nevertheless, the possibility that HBoV1 infections depend on helper viruses still remains. For example, the replication of another representative group of the family Parvoviridae, the dependoviruses, requires the help of another virus, mostly herpesvirus or adenovirus (Geoffroy & Salvetti, 2005) .
Case report
The patient was a 38-year-old female in a good general state of health and in an obese nutritional condition (body mass index of 34 kg m
22
). The patient was a smoker with 20 pack years, and no immunosuppression was reported or detected.
Since January 2013, the patient had complained of a dry cough and a decrease in stamina. In February 2013, the patient was treated for a right-sided pneumonia externally, but we did not receive information about the aetiology of this earlier event. Thus, we were informed that the patient presented with right-sided pneumonia of the right upper lobe. Pulmonary embolism was excluded this time by a contrast computed tomography (CT) scan. The patient received penicillin with the addition of penicillinase inhibitors plus macrolides (clarithromycine). However, the patient was not treated in our hospital at that time. Therefore, other investigations aimed at defining the aetiology of the pneumonia were not performed. In particular, bronchoscopy was not performed, and there was also no effort to establish microbiological results. A CT scan of the thorax revealed a slight pleural effusion on the right side of the lung. A second CT scan in October due to persistent discomfort after cholecystectomy revealed a distended pleural effusion. Externally, cholecystectomy was performed in July 2013 due to cholecystitis based on cholecystolithiasis. There were reportedly no complications related to surgery, and the pleural effusion still existed several months after surgery. Therefore, any pathology of the gall bladder did not seem to be responsible for the long-lasting pleural effusion.
Pleural effusion was not sparse but was not significant enough to impact negatively on respiratory function. Therefore, repeating punctures, drainages or even pleurodesis were not necessary. The patient also did not receive diuretics. Therefore, primarily diagnostic procedures were performed, while treatment of the pleural effusion itself was not performed, despite the fact that moxifloxacine was probatorily given in February 2014 for a duration of 10 days (400 mg day 21 ), even though there were again no established microbiological results.
In November 2013, the patient was sent to our clinic for further clarification of the persistent pleural effusion. Pathological and anatomical analysis of the pleuramesotheliom revealed a fibrin-rich, chronic pleurisy. There was no sign of a tuberculous pleurisy, and mycobacterial PCR testing was negative. Fresh and formalin-fixed paraffinembedded pleural tissue and bronchoalveolar lavage samples tested negative for influenza viruses A and B, respiratory syncytial virus, coronavirus (NL63, OC43, 229E, and HKU1), parainfluenzaviruses 1-4, human metapneumovirus, entero/ rhinovirus, adenovirus, Bordetella pertussis, Chlamydia pneumoniae, Legionella pneumophila, Mycoplasma pneumoniae, herpes simplex viruses 1 and 2, cytomegalovirus, parechovirus and varizella-zoster virus by RespiFinder SMART 22 Fast and MeningoFinder SMART 7 (both from PathoFinder). However, the tested tissue samples did contain Epstein-Barr virus (EBV) and HBoV1 DNA; HBoV1 but not EBV DNA was also found repeatably in the serum, indicating an ongoing HBoV1 infection. In order to confirm the RespiFinder results, an end-point PCR was performed, followed by sequencing, confirming the detection of HBoV1 (Simon et al., 2007) . Neither pleura nor serum was positive for HBoV2, -3 or -4 DNA (Kantola et al., 2010) .
The serum was further investigated for HBoV1-4, EBV and parvovirus B19 antibodies, using HBoV enzyme immunoassays (EIAs) as described previously (Kantola et al., 2011) , and two other EIAs at the Helsinki University Central Hospital Laboratory. HBoV1-4 IgM was not detected. IgG reactivities for all four HBoVs were observed in a standard (non-blocking) EIA. After blocking with heterologous virus-like particles (VLPs), HBoV1 and -4 IgGs were absent. HBoV2 and -3 IgGs were detectable but only when HBoV1 VLPs alone were used as competitor. If HBoV1 and -3 VLPs were used together as competitors, the HBoV2 IgG EIA was negative. The same result was observed for the HBoV3 IgG EIA when HBoV1 and -2 VLPs were used as competitors (Table 1 ). In addition to the HBoV serology, the serum was screened for EBV and parvovirus B19 antibodies. EBV IgG could be detected, but B19 IgG could not. IgM for EBV and B19 was, similarly to HBoV1 IgM, absent, not pointing to acute primary infections. Moreover, on cytological investigation, no signs for non-infectious lung disease were observed in the bronchoalveolar lavage, nor were there any hints of an immune disorder identified by analyses of the circulating immune cells in the peripheral blood.
Discussion
HBoV1 has frequently been associated with upper and lower respiratory diseases. It is detectable mainly in children aged 6-24 months and less frequently in other age groups including adults. The case reported here was interesting, as pleural effusion associated with HBoV1 infection has only rarely been described in children and never in adults. The pleural effusion may have been a result of the HBoV infection or a synergistic interaction between EBV and HBoV, such as HBoV reactivating latent EBV.
EBV infects .90 % of the population worldwide. Like other herpesviruses, it establishes a lifelong latent infection (Maeda et al., 2009) . EBV may play a role in the pathogenesis of pleural effusion (Thijsen et al., 2005) . In one study, EBV was detected in 59 % of the pleural fluids of patients with unexplained pleural effusions, with 93 % positivity in the serum as well. As EBV reactivation in pleural fluid is a frequent event, the absence of an alternative diagnosis may point to an involvement of EBV in the development of pleural effusion. In our patient, EBV DNA was detected in the pleural tissue along with HBoV1 but not in the serum. Serological investigations revealed that there was no primary EBV infection at this time, although a possible transient viral infection prior to the signs of pleural symptoms could not be ruled out (Thijsen et al., 2005) . Parvovirus B19 has been associated with pleural effusion, but in our patient no B19 virus was detected in the pleural tissue or serum and she was B19V seronegative, ruling out this aetiology (Castagna et al., 2011; Seishima et al., 2010) .
HBoV1 was the only other pathogen detected in the samples from the patient, in both the pleural biopsy and the serum. The occurrence of HBoV1 in serum, regardless of the low load, indicates an active infection, or could be residual virus circulating after a primary infection. No HBoV IgM against any of the four known HBoV strains could be detected in serum. This could, however, be due to the length of time (several months) between the onset of symptoms and blood sampling. Interestingly, taking into account the prolonged clinical course, no HBoV1-specific IgG antibodies were detectable, although they should have had time to develop. It may be that the patient was infected by HBoV2 and/or -3 in the past and by HBoV1 more recently -perhaps too recently for the antibodies to develop. In this case, the virus would not be the cause of the persistent pleural signs, although viral DNA was the detected in pleural tissue. However, due to the phenomenon of 'original antigenic sin', an immune response against the current HBoV1 may not have emerged due to an earlier infection by the cross-reactive HBoV2 or -3 (Francis, 1960) . Instead a secondary immune response against the priming HBoV2 or -3 virus would occur. No or only weak antibody reactivity specific to the second infecting virus would be produced, perhaps leading to a more severe course of infection. This phenomenon has been described for infections with dengue virus, influenza virus and human immunodeficiency virus (Kim et al., 2009; Muller, 2004; Zompi & Harris, 2013) , and has also been implied for human bocaviruses.
